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ANALYSIS OF THE COMPOSITION OF GAS BY THE THERMAL
CONDUCTIVITY METHOD. PHYSICAL PRINCIPLES

L. Ye. Kocherov and M. D. Shutov

Special Design Bureau for Analytical
Instrument Construction of the Academy
of Sciences of the USSR, Leningrad

One of the most widespread and universal methods of gas analysis

is the method of thermal conductivity, based on a comparlison of the

thermal conductivities of gases [1-3]. The limits of applicability of

the method of the.callconductivity are determined by the various values

of the coefficients of thermal conductivity of the different gases
(see the table).

The coefficients of thermal conductivity of gases depend
essentially on the temperatire.

In simplified form, thils dependence
is expressed by the binomlal

= 1
Xt no(l + Bt),

(1)
0 and Xt are the coefficients of thermal conductivity of gas at

temperatures 0 and t °C; B 1s the temperature coefficient of thermal
conductlivitvy.

where A

The temperature coefficients of thermal conductlvity differ for

differert gases and depend on the temperature. Thls dependence 1is

treated as a plecewise-linear dependence, and we use the average values
of the temperature coefficlents of thermal conductivity for a certain

FTD-MT-24-1860-73 _‘ 1



Coefficients of thermal conductivity of
coefficients of thermal conductivity*.

gases at 0°C, temperature

1'10u, B'lOu, 1/deg
Gas W/m*deg (in the inter-
val 0-100°C)
nitrogen ... ioviiiiiiiiiiiiiitneneeenenas] 243 28
AMMON1aA. s et esvetionserrononasensnnonrsanss 218 48
APZON . ttecovesnssesnannas et eerarenierans 167 30
YT N =Y ¢ U 2 190 48
DUtane. ... ittt ieenrnteneartasoncrnnenns 135 72
NYArogen. .t ceriieeesersasaesessnssseseess| 1740 27
- 1 T 24y 28
helium:ievrveeiineenannesecosencnaseansse] 1U57 18
sulfur dioxide....... oo tesesecseraroraans 85.4 —
carbon A10X1AE..v it rieerernetonoanocrsonss 146 L8
methyl lodide....... R 47.3 —
OXYEENesvennsenns I LT 28
o XenoN....eanns seeeaan Creesseresrarassenans 51.9 —_—
methane....oeeeeennnn ceeenan Ceseeaerenana 302 48
carbon monoxide....cvecuens ceeserrteanees 236 28
pPentane. . .vceeceencrcenoas eeeaen ceeersenas 130 —_
PropPant..ceesss sreseans cesana Ceressabeaes 150 73
hydrogen sulfide..coeiecrescassnssainnansn 131 -
ChlOoriNe.cveeertseensonesasatsssnanessnas 78.7 —_
ChlorO O M. s tetvecsassssnoscncsssnonenns 66 —
ethane....... M ecetseesnesesseateetensanns 182 65
ethylene.coeersesivocesesosnacnnsnnnnsnns 175 T4

#Detailed and currently more reliable values for the coefficients
of thermal conductivity of many gases and the constants entering the
equations for their temperature dependences are given in the "Handbook
of Chemistry," second edition, vol. 4 (Izdatel'stvo "Khimiya," 1967),
section "Gas analysis" (compiled by D. L. Orshanskiy, M. L. Rabinovich,

and N. F. Yablonskaya), pp. 576-579 (Editor's note).

temperature range, for example, 0-100°C, as is done in the table.
Differences in the values of the temﬁerature coefficients of thermal
conductivity have the result that at certain specified temperatures
(different for different gases) the values of the coefficients of

.thermal conductlivity of gases become equal.

For example, the coefficient

of thermal conductivity of air 1s equal to that for carbon dioxide at

325°C, for acetylene at 100°C, and for ammonia at 65°C.

- For a gaseous mixture of nonpolar or polar gases, distinguished
by their molecular welghts, the coefficient of thermal conductivity

is defined as follows [4]:

FTD-MT-24-1860~T1 2
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where Ay A2, ... are the coefficients of thermal conductivity of the
first, second, etc., components of the gas mixture; Cys C5y ... are

the concentrations of the first, second, etc., components, in volume

percents; Ml’ Mz, ... are the molecular welghts of the first, second,
etc., -components.

Mixtures of hydrogen or hellum with other gases are typical
mixtures (Fig. 1, curve 1).

4!‘“’ @y Flg. 1. Dependence of the coeffi-
b HLLY aw*lx  clents of thermal conductlivity of
'suu TR gas mixtures on the concentration
P an of the second component. 1 — oowme
g. lm# Lt ; 2 ~ cHaschon (vapors); 3 — A
ol " KEY: (a) coefficlent of thermal
e |
el -4 = i conductivity of gas mixture,
aort—ty LN W/medeg; (b) concentration of
] 808 component of gas mixture, vol. %
R} aes o aov |
3 am o a3
‘ml 90 0 20 lﬂﬂ' é

- »n 4
« (h)lfmmfggmmmuxl.%dm =

—

If in a gas mixture consisting of nonpolar gases there is a polar
component, 1lts coefficient of thermal conductivity changes greatly as
a function of the concentration of the polar component (Fig. 1, curve 2),

In this.case, the coefficlent of thermal conductivity of the gas
mixture 1s described by the formula

t—c
),.-(t.l.+e,’,+...)(l+—-—s——.3. =) (3)

where ch is the concentration, in vol. %, of either all polar or all
nonpolar components.

A mixture of water vapors or ammonia with air is a typlcal mlixture
for this case.

FTD-MT-24-1860-71 3
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Finally, in the case of a gas mixture consisting of polar or
nonpolar components whose molecular welghts are close, the coefficient

of thermal conductivity is approximately subject to the additive law
(Fig. 1, curve 3):

Aeumeydy Hoghab . ( 4 )

A1l of the above formulas (2)-(4) are empirical formulas.
Thus, the dependence of thermal conductivity of a gas mixture on -
the concentration of the components in the mixture i1s of an unambiguous
nature only for binary and pseuddbinary mixtures,! which significantly
reduces the sphere of applicability of gas analyzers with respect to
thermal conductivity. To expand the reglon of applicabillity of the
method of thermal conductivity to multicomponent gas mixtures, special
measures are taken [5] which make it possible to a considerable extent

to increase the selectivity of the gas analyzers operating according to
this method. '

In thermal-conductivity gas analyzers we compare the coefflclents
of thermal conductivity of the analyzed gas mixture and a certain
comparative'gas mixture. The method for determining the absolute value
of the coefficient of thermal conductlvity 1is not used, due to its
experimental complexity and low accuracy. The coefficients of thermal
conductivity of gases are determined with an error of several percent,
while modern recording gas analyzers have a change in the coefficient
of thermal conductivity of the gas mixture of only 0.5-1%.

To compare the coefflcients of thermal conductivity there must be,
first, a heat source and, second, a heat-flux meter. In thermal-

conductivity gas analyzers both these functions are fulfilled by

l1dentical devices called sensing elements. The sensing element in this
case 1s an electrical resistor made of a material having a high

1Pseudobinary gas mixtures include those for which either 1) the
coefficient of thermal conductlvity does not depend on the concentration
of the unmeasured components, or 2) the concentration of the unmeasured

components 1s connected by a specifliec law with the concentration of
the analyzed component.

FTD-MT-24-1860~71 4




. KEY: (a) gas.

temperature coefficient of electrical resistance (copper, nickel,
platinum, tungsten) and heated by an electric current passing through

it. With a change in the coefficilent of thermal conductivity of the

gas surrounding the sensing element, there is a change 1in the quantity

of heat fed to the latter and, consequently, a change in its temperature,
which leads to a change in the electrical resistance. Heat transfer
frem the heated sensing elewment is realized due to molecular thérmal_
conductivity, convection heat transfer, radiation, and the thermal
conductivity of the sensing element itself [so-called "end cooling").

To obtain high sensitivity, all forms of heat transfer except molecular
thermal conductlivity must be reduced to a minimum.

This 1s done by
speclal configuration of the sensing elements.

In modern sensing
elements of thermal~-conductivity gas analyzers, the various types of

heat transfer are approximately as follows:

convection ~ 2%, radiation
- 1%, end cooling — up to 30%.

Sensing elements are coupled into the circult of a Wheatstone
bridge or some other type of bridge, where tr2 measurement of their

eicetrical resistance is converted into a change of voltage or current
in the measuring dlagonal of the bridge.

{a)

Disregarding heat losses due to radiation,
| convention, and 2nd cooling, we can express the voltage
av

on the measuring dlagonal of an equal-arm bridge with

one sensing element (Fig. 2) by the following formula
(61:

Fig. 2. Basic a0 = JRRRE Wby (5)
bridge circuit | FRSR) TN,

for a thermal- h . sin b N ensi
conductivity where 1 1s the current passing through the s ng

gas analyzer. element; R and Rl are the resistances of the sensing

element and the contiguous arm of the bridge,
respectively; Ro is the resistance of the sencing

element at 0°C; a is the temperature coefficlent of electrical resistance
of the sensing-element material; k is a coefficient which characterices
the geometric conditions of heat transfer; Al and AZ are coefficients

of thermal conductlvity of a gas mixture without a measured component
and with measured components, respectively.

FTD-MT-24~1860-71.
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Forzlow concentrations of the measured component we can set
1hs 2 AZ, from whieh it follows that the voltage in the measuring
dlagonal of the bridge depends greztly on the coefficient of thermal

conductivity of the background gas (i.e., the sum of the undefined
components of the mixture).

higher sensitivity than 1% air in hydrogen.

Al

For example, 1% hydrogen in air has a

From formula (5) it
follows that the readings of the gas analyzer depend on the current
passing thrcugh the sensing element and on the temperature of the

ambient medium, since the temperature of the ambient medium in turn

stipulates the coefficients of thermal conductivity and the resistance

cf the sensing element. In order that changes of these factors not

cause instrument errors, special measures are taken. The instrument

readings theoretically should not depend on a change in pressure of the

analyzed gas, since the thermal conductivities of gases do not depend

on pressure within very broad limits. However, as was noted above,

for the sensing elements there 1s a convective component of heat transfer

which changes with a change in pressure. Due to this, the readings of

the thermal-conductivity gas analyzers can depend to a certain extent
on a change 1n pressure of the analyzed gas mlxture.
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